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IntxodactloB and Motivat^icm 


This paper presents (Tslieinary results ehlch, in our opinlon» repre- 
sent a first necessary step in the systeaatic ooBouter aided design of 
reliable control systeas for future aircraft. It is widely recognised that 
advances in active control aircraft and control configured vehicles will 
require the autossitic con tr ol of several actuators so as to be able to fly 
future aircraft characterised by reduced stability sargins and additional 
flexure nodes. 

As a starting point for our notivation we sust postulate that the 
design of future st. Mlity augnsntation systens will have to be a sulti- 
variable design problen. As su^, traditional singlef input-single-output 
systan design tools based on classical control theory cvuiot be effectively 
used, especially in a cosqputer aided design context. Since nodem control 
theory provides a conceptual theoretical and algor ithnlc tool for design, 
especially in the Llnear-Quadratic-Gaussian (LQG) context (see Athens [1] 
for exanple) , it deserves a special look as a starting point in the investi- 
gation. 

In q>lte of the trenendous e]q>lo8lon of reported results in LQG 
nultlvariable design, the robustness properties have been neglected. 
Bsperienoe has shown that LQG designs "work" very well if the nathenatii 
nodels upon «ihl^ the design is based are sosnwhat accurate. There are 
several sensitivity studies involving "snail paraxeter perturbations" 
associated with the LQG problen. We subnit, however, that the general 
problen of sensitivity and even stability of sultlvarlable LQG designs 
under large parsnetric and structural duoiges is an open research area. 

It is useful to reflect upon the basic nsthodology in classical 
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amrmmmdbmdmm tbmorf uhich dMlt with mcli larf» pr— ctMMfM. tiM 
amrmll ■■nritirity aid stability possidsgstions wars csp tur sd la tbs 

(a) raasoaabls dusiysB ia tbs paraastars of tbs qpsa loop traasfsr 
fbactioas 

(b) obanpas ia tbs loop paias daa« for a«apl*» to aatoratioa and 

Doaliaaaritiaa 

oould bs acceaodatsd with iparantaad stability aad at tbs pries of aoaaabat 


Altbooqb bQ6 dssipas ars tiaa doaain orisatsd aonstbslsss tbair 
ftapas ac y dn aa ln iatsxpretatioas ara laportsat» altboo^ aot aiissraally 
apprsciatsd. For aaaapls, for tbs csss of siagls iaput slagls output 
liasar-qaadratic (LQ) optiaal daai^is Jladarsoa aad Mdots [2] baas aboan 
that L(H>PtiBal dssigas ars cbaractsrissd by 

(i) aa iafialts paia aargia propsrty 

(ii) a pbass aargia of at Isast 60 dsgrsss. 

8u^ rssulta ars saluabls bsc su ss it caa bs rsadily apprsciatsd that at Isast 
ia tbs siagls-inpot-siagls ■ o utp ut cass« aodsra ooatrol tbsory dssigas tsad 
to boas a good dsgrss of robustnass, as a s a s ur a d by tbs classical critaria 
of gain aad pbass aargia. 

bdaaaoss ia tbs aalti-iapat aulti-output oass bowsasr baas bssa 
ooattarsd aad osrtaialy baas aot arriaal at tHO oookbook dosiga stags. 
Hultiwarlabls systsa dssiga is sxtxsasly eoaplsx*. to a osrtaia sxtaat 

* Pasa tbs aotioa of shat ooastitatss a ‘^nsro* of a aultiwariabls trsnsfar 
aatria was aot fully apfsrsdiatsd oatil twooatly. 
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ttm MM— rtol ■oltioa of Lp’-optri—i is ossy sssf . ■ossss s , fsndHMtsl 
tfidsrstsadiBg of ths st r oct ur sl lstssds|isadsBciss sod its with 

ths wiflitisq ■Btrioss is sot s trivial asttar. Ms bsliass that ssch fsnda- 
sit si vsdsrstsodiBq is crscial for r ohss t dssiyss as sail as for rsliabla 
i1sBii|nB that iasolsa a cart a ia Jagrs s of faihulBsey is ooatrols and aaaaors. 

Ihs r s e— t S.N. thasis by hOag [31 rap r asa nt s a praliaiaaty yat posi* 
tiss ooatribotiaa ia this arsa. la fact ths tachaioal portioa of ths pspar 
g ap r sBs nt s a slight aodifica t ioa of sobs of ths rasalts r apor ta d ia (31. la 
particular sa focus nux attaaticn oa ths stability propartisa of clossd loop 
systsas dssigaad oa ths basis of LO-optiaal tactaaiquas shsn ths systaa 
astricas aod loop gaias undargo largs varistioos. 

ths aain ooatributlons rap or tad ia this pspar ars ths sssntual rssolts 
of gsnsralisinq ths coocapts of gain aargin aad of parfondog largs psrtur- 
bstioa ssasitivity aoalysis for aoltisariabls linear ■yrfas dosigaad via 
ths LQ approach. 

Nt sam ths rsadsr that anch additional tiiaorstical and applisd 
rsssarch is nssdsd bsfors ths iaplications of thsss thaorstical rssults 
can (a) bs full/ undsrstood and (b) translatsd into systsaatic "cookbook* 
p rocad u rss that havs ths saas valoa as ths oonvantional rssults in classical 
BsrvrMacti<u.\isa dssign. 

This pspar is organiaad as folloust ia Ssetion 2 vs prsssnt an 
ssplicit parasMtrisation of a t obclass o^ llasar constant fssd ba c k naps 
that asvar dsstabiliss an originally opsn-loop stabls systaa. and astablish 
aoaa of its propartisa. In ssetion 3. va apply this construct to obtain 
asvaral nav clossd loop structural stability charact sri satio n s of aulti-iaput 
LQ-optiaal fssdback naps. Wm concluds in ss et ion 4 with a brisf discussion 





£Ct) - h sCt) ♦ • «(tl 
■(t) • Aft) 


Bit) C rf* 

•<t) C if* 
■ ft) C IF 


£(•) 

ico 

Bf.) 



«U1 b« fey ^ is 

«B «iU *art«i tiM BotaUBB to £(A, B) • md bImbb 
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■tf. a 



pair Uj^, M 


4) If 2 c if* ia p— Itlra «aifAafiaita» «• will writa 

2 > 0 

Zf 2 i* paaitiaa 4aClaiPB« aa will writa 
2 > 0 . 




Ui) If 

Cl) £, i 2. i £ wmtlaff t 2 * £ 

(2) ^ im datoetiM* 

tbm A is stdbl*^ 


nii.} 2 £ £ <2^* y ^ Ofcssrsifcli (dstsetM»Is) , Ctisa for all 

£ >0^ m > OsBf ter sU r*. tiM pair < 72 ♦ £ ♦ 1 1 £*• £ ♦ £ if > 
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ftr Ci). M 141, ir. lit 
tm (U), mm |4|, 2f» 

fee (Ul), mm |4|, fp. tt. 


Wmm mgf mmthrn ^ hmt 

L»(M ^ U > 0|e 4 ♦ A < 0^ 
U^UI ^ U > 0|E 4 ^ A < 0} 





il is a mmmm omwi c 

c »U) teaUo^>0, o^>0 
Ul B c tfC^I n t»^) IfllM £ c W(^ ♦ 
ill) B c LBU^ lapllM B C i»% ♦ 


nsaitf 



a 


L«t A ba atabla. 

Tbm U ♦ (a - ipig iM atiaia ter aU B c LTU) mA far aU M > 0^ 
' aach tkat B(a) C aU0 . 

Xf B c v*iy , tkaa tka MaMtlia aim C aOtf oaa ha adtfead. 


Lat 

ft ^ ^19 

•laaa E c WU), aa kaaa £ > 0^ mA k afahla li^Haa (£^» M ia 


S- • t* -I?* 

Xf B c l»^(^ • thaa £ > 0 

80 ( %a ^ <£ '^ 01 - ^ ikaa r aik l ^ak lnk iapUao U ♦ OlitfS 


■E— 


im tifcli fey htmm 1 (11). 

«kiah l^pllM tiMt ttera mUitm ▼ wioli ttet ■ • V M or that 

m - |p£ • cv - «« £. 

■r ^ (V - 1)5^ 

» ^ 0 

iB hmam 1 (111)» «• haim ttet 

( ^ 4- & n'k, a ♦ (■ - lOK) la datactabla. 

■f Laan 1 (11) » «a tharatera haaa (h* (M - M)K> atabla. 

Q.S.D. 

A apaelal eaaa of Lhbbi 3 aaa aatabllaliad by Bamatt and Storey 

ia (S). 

Wf apaelallalng Laaa 3; aa iaaaiHatyly obtain an explicit parametrl- 
aatlaa of a aabclaaa of atabilialag f aadba ck . Flrat aa Introduces 

Oaflaitiai 3 

«laaB tto atabU ayataa £(^ •), lat 

■^(I) ^ e 1 • ”£*• k 1 ®» 

aod altiMr £ c »^(^ or alaa 

K C I»(^ aitli B(S) C AW) 
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fjjaSBBLl 

OlTan th* at«bl« syatea Hh, B) , than 
(i) ^ C 8^(£) li^>llaa (A * jB !• stabla 

(11) a^^dt > J 

2 > 0 la aoeh that K A ♦ A*K 42*2*^ <£" ® * 1 ^^* • 


(A« G*)*t ^ (A«B G*)t_ 
1 “— •“ Qa“— ““ ox, 


Proof 

(1) Lat M • B L B^, N ■ B £ Bf' In 
dlraetly. 


3« and tha raault followa 


(11) Lat 2^2^ auch that 

.T. 


K A 4 A K 4 2 • 0 
Than aa have 


i*) 


X 


2 a dt 


Haxt ramrlta (*) aa 


K(A 4 B G*) 4 (A 4 B + <» 2 L B*K 4 2> - 2 


ahara 6* ■ (S - t)B*K e Sj^(E) 


^ « f* , -T^ ^ (A4B G*)t 

ahloh lapllaa K • I *«•«*' 222£'*’2^* 


h««. f A •^<«t ■ r •-*- - ‘fi ^ ^ ’‘-t 

•'o Jq 

♦2 j 

Jo 

J” jf" ,<S«a*>*» 


,(MB o*)\ , ,T,^ ,<4*» £*'tat 


or 


dt 


Q.B.D. 






It cun b« •aaily shown that all the eigenvalues of the feedback term 

T T 

1(£ - L^)B K have non-positive real parts (the term L £ K has only real 

T 

aiqanvaluas while £ S B K has only pure imaginary (conjugate pairs) eigen- 
values or aero eigenvalues). 'Aiis observation, and the content of Theorem l(ii), 
malreB it oonvaniant to interpret S^(£) as a natural generalization of the 
c o nc ept of 'negative* feedback to the multivariable and multi-ii^t case. 


The next two corollaries are easy conaeqaences of Theorem 1. 


Oorollary l.l 

Let £(A, B) be a system with a single input, i.e. let B be a coliom 
(nxl) vector b. If ^ e S^(£(A, b)), then 


i 


Oj^g^ e Sj^(I) for all ^ 0, i - 1, j 


Proof 


T T 

Bach ^ is of the form r^b for some admissible r^, 1^, 


^ ®A “ ^ ®i*^i- ^ ®i' A* 


Alt from Lemma 2(1), e LP(A) implies 




e LP(A) for all 


a^r^ 2l ^ hence 


“A e LP(A) for all ^ 0. 


Q.B.D. 


Oorollary 1.2 

T T 

Suppose there exists L ^ ^ such that BL^ CLP(A). 

Then (A - B L B*(K ♦ «) ) is stable for all K > £ end M - such 


that B(K) D R(ll) 
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Zf B L f Lf* actnAlly, than tbm coadltloii BUU D !(■) 


OBlttad. 


Vxoof 


fcoa 'taking tlM 


in Lmbm 3. 




T h ao r an 1 haa illuatratad tha iaportanoa of LP(A). It ia tharafora 
aaaftal to haaa an altaxnatiaa chazactarlaation of LB(A)t 

Biopoaition 1 

LfiM ia A^-inaariant, i.a. for all K c lb(a) 

A%qO C B(|0 


Proof 


K e LP(A) if f K A •!> A*K <f B ■* - 0 for aamm h 


Ma elain that 


■ W ■■ B(H » A) « wobaaraabla 

-T. 


of (|f , M 

Pdr £ ^ ^ ^ 

ao £ c A) iapliaa B*a^x ■ 0 foi all t e K iBiich iapli** £ c ■(£) • 

Ooaaarmlj, £ e BOO iapliaa ^£ £ ■ 0 ahioh tupliaa f * 0 


B*a^^£ • 0 for all t c t , i.a. £ C B(B*, A). 


Plata tha proof, nota that 
BOO - BO^) - BOO*^ 

- ■<£*, 

« B(A*, m 


Of (A , B). 


# 
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■■t aar cootrollabl* a Mb f oa of A* !• awMurily aa A^-invariant a^Mpaoa. 

Q.I.D. 

fcwatkt lha algaif ieaaoa of Fropoaltlon 1 ia that it pmrlilaa a ajataaaf li 
■aaaa for faaaratlng all aii ii i r i of Lr(^ . lOr memipim, if A haa diatiaet, 
saal Btfwalwaa, thaa may £ c £P(M ia of tha foa 

A - A P 

alMCO tha row of P ara laft aifaaaootora of A« i.a.« 

LZ/ dlraynaal ( ...» X^) 

md « - di ag on a l (n^, •••• a^), n^ ^ 0» i « 1, ...» a. 

lhaa, aU atiira of £P(A) can ha trivially ganaratafl oaoa P ia 

ICSOMAn 

Mdla naiterahip ia S^(D ia anffielaat to gnaraataa cloaad loop 
atability, it ia of o o n raa aot Baoaaoary« i.a. 8^(X) ia a atriotly p ropa r 
g ahaa l of t(Z)« xntoitinaly* If tha opa»>Ioop a y ata n ia atahla *aaoegh* 
to ba g ia with, it cm tolaxata a oaataia anant of 'poaitiaa* faadbaolf with- 
out landing to cloaad loop Inatahll^.ty. m othaa wor da ^ tha polaa of tha 
opaa loop ayatan oaa ha ahiftad to tha right by faa^fcarh without daa troy lag 
atahility no long an aona of than gat ahiftad into tha cloaad ri#it-half 
plana, by al i o ula g anoh ndditiaanl nn niBa tHilllalii g faaAnek, tharaCnta, 
wa oi^ht to ba abla to ^anlarga* ff^CZ). mam p mci aal y # wn hnnat 

Daftnittaa 4 

dtaan tha atahla ayatan SU^ Manda^r£>2fLc 1^**, lat 
&P(Z« y • 

t»*o , y I 
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rm ths stable systsa I (A« •) , 1st 

Sjd) - c i^lc* - (£ ♦ S)B^K^ £ ■ i** £ ■ “£*» 

L ^ k ^ aitiasr 

K c Lp‘*'(£, y or alas K c LP(£, U 
with m£ ♦ S ) C K(L - L) ) 

tbsoesa 2 

Gissa ths stable systea £(A, B)» than 
^ e l 2 C£) laplias U ♦ B is stable. 

fsoef 

The proof follows by a straightfoewaxd eatewa joa of tbs proof of 
LMa 3 and Tbaerea 1* sad hen e e is oalttad. 

Q.B.0 

BMajrtct It can be easily seen that TbeocM 1 is just a special case of 
Ibsoraa 2 (with £ S 0 and L < 0^ will be redaoed to S^(£)). Mote 

that ia the general ease oousred by Ihaoron 2 , no defiaiteaeas assMptioa 
im aaMe of ^ Md thos uarioos •adatasas* of •poaitisa* and •nogatius* 

flaaflMeks are sllnwed. 

Bbe aaat p ropo aiti aa proyidaa fOrtb sr clarifioatioa oa oar parasati 
aatioa oobans. Pint dafiast 

^ € i^|c* - D B*J^ D c arbitrary* 

B c if* £ > 0} 

F-W i e 
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fropositioc 2 

F^(l) n Fj(B) - # 

Fi(l) U FjW - 

i*«i. any fMdback wap ^ c is sitiMr is ths sst F^(B) or slss F^tt). 


■i Bood only to Aoo that 

FjW - C ^“IkcA) - 3K(A) 

■Mojoityi 

BqrpO— 6* c (B) , 1.0. ttwxw SBiStS D C 1^* Md K c R™, £ 1 £ 
sseh ttkst 6* - D A. rhm 

£*£ £* " £ £*£ £ £* i £ 

so IKCG^B) > K(A D*)- K(££*K P D*) «< KCD P*M • K(A 


Sufficiency': 


Take ^ £ and 

T T T 
C - G B B K 


has a solution K > 0 if 


tlMlt 


:( A) - kcA 


Q.B.D. 


MS SOW mists ths ooatsat of 
tint that Sjd) 


2 to 


C FjCB). 


2 . 

fails to 

•CD n F^ W ^ 4 


ratsd hp 


trivial 


\\ N » 

ij. i, <0. h-j^^J, t’- 10 ucFjOa 


d 




is stabls. 


, thst if » Is of rwBk, thsn ths sot is KJT 


isiT“. 


iBtorMtiag qasstioo, 'is S^iti qmmrle (i.s. 


) in 


•(Cl n F|^^T* is St pr snsa t onsolsod 


ts so far 


1st tlM 

mash sea MOV opan loop 
it is of ooms not 
is xsadnOod, hswoar, of 


C(^ ■) shieh ass opao-loop 
to shnt ths sitontlsn sonld bs for 
(i.s. A hss nnstabls polos) • For A 


pos e lb l s to writs 


O&sss ^ M a stmaHsshls pnir» 1st 

* ^i£l£ * £f If if > OOM B > 0 aim sqm jf 

ssoh thst of, ^ is a datsnfihls pair) 

££^£\-£££*A^£^ -£ 


^(D ^ if A ^tf - -£**A £ ^ 

£c KH^ if p} 
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Propo«ltiop 3 

G1v«b any stabillsabl* systMi £(A, B), 
G* e 83 ( 1 ) (A B 6 *) is stabls. 


Tbm abovs proposition nsrsly suMsrisas ths ssll-known 'standard* 
rssnlta of LQ-optiasl fssdbs c k thsory (ssa [ll » [4]). Hownssr, ths intsr- 
PMtstion hsrs of ths LQ-optiaal fssdbridic class (83(E)) as a paraastriaation 
of a subclass of stabilising fesdback is intarssting. 
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a. 


tafcllity 


of 


ttOl 


Zo thio Mcfcion «• ***** tho ponMtrin^loA 

la tho praviona — c tio n oaa bo oppllod to ob'.oia choractoriaotioo of tho 
o loood loop ^ ttnictura l otobilltf pnpor^iM of oyotoao onter b(>-optiool 
pcocioolyv tm ootobliali an aapUoit par— trlaatioo of a 
of atru e tur al p a rtu cbatioaa in tha oantsDl foodback 
ao wall aa la tba oantcol aetaatloa aatrix (8) that laaaa tbo cloaad' loop 
tahiliaad. Tbaaa aaw r aa alto, aa baliaaa, ara tba nataral gaaaxal- 
of aoBo aarllar ra a olta of J Ui d aro on and Noora 12]. 

■a bayia by flrat racalllag frai banaa 2(111) that, for A atabla* 

1C c I#(^ alaayo Inpllaa K c V(A ~ > L ^K) t boaovar, for A onatabla and 


K > 0 aaeb that U - » L ■ |D la atablo* it aood MOr ba traa that 


K C 1*U - 8 L 8 K) • 


thia 


‘•t )]• !]■ !] 

— -I] 

• £ k ♦<£"£& 1%** ■ I j ^ - 


la atahla* 
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fgoof 

ttMdlata froai tlM Rlooatl •gnat ion. Q.I.D. 


In oth«r words, ths abtfwm oafortmiats stata of affairs cannot 
if K is an L(^solatioa« 

W» avo now ready to atata oar first nain result of the sections 


f>now 3 (Infinite Gain Margin Property) 

Lot K C LQ(A, Pi R) 

Then 

(A - (B(s -f Up* * P(H ♦ N)^]10 is stable for all 

k - *f i £• * ■ C P(L - p"^) 

M - -«*, P(M) C P(N) 

A 

P arbitrary 


Ms hsee K e LP(A - P P' V«. so by LSMS 3, 

<£- • I 4> (y - M A is stable fbr fill £; £ 2/ ▼ * 
that P(V) C PQO . 

«1 y e MW 

M • P(L - P *)M ♦ 1 H P^ 


-V* 


VwP8P <*>lMM* 


Q.8.D. 



Pop £ 1 2f PbaocsB 3 is a fseral I saMnn of the 'infinite gain nargin* 
p wp nrty of LQ-optianl isnfbnA te ainglo-iapot aysfa first noted by 
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proof ttey OMd involvM elaMieal Nyqalst taohniqiaas. Thaor— 3 not op\y 
fMMraliaM this propsrty to nnlti-iivat systsas, hot olloum moro oa«pIi> 
ostad sltsrsticais of ths fssdbsck gsln irsctor s i ■oraovns* it tfis proof 

of this p ropo r ty anch aoco traasporont* 


’ fte • f* £r Ihoorsa 3 sIloM for disagss In ths B astrix itaslf 
vlthoak ds str oyi n g stability. Gas nssfnl latsxprstation la ths following. 

that ths npHaal fssdbsck gain aatrlx has bssn o oa put s i l for 
M., hut that ths aotnal sains of B daring systaa opsratioa is 
to B • ^ ♦ B^. fhaa ths fssOMok tsra bsooaas * 

. As long as ^ - ^0| ♦ |0B for soaa ■ - M > 0^ Ihsorsa 3 
nill faaaaataa na that ths systaa will raaaln stabla. (Vor 
^ a > 01 . 


BItoBaatissly» ths oaas B ^ 0 oaa bs latasprstsd as alloalag for 
if adding satra oeatvoUaro* sad nai n g t h ass an tr a f 
la oloaad loop hahaarlar of ths oclflaal aystaa. (h 
oaploitatiaa of .thia |daa nill bs daalt with la a 
oaa also 131). 


f 


$ 


ttimoTmm 4 (Gain Reduction and Rotniatnasa Prc^rty) 

Let K ^ £ Le the Riccati solutxon to the Lf^probleei (A, B, R, £) 
1/2 

where R ^ £ and , A) detectable. Then 

(i) (A - B(M t N)i^lO ia atable 

fop all M > 0 such that M > y 
T 

N - -N 

1/2 

(11) If (2.' • actually obeervabler then 

(A - B(M ♦ N)B^K + lT^(S ♦ H» i* «table 
where M, N are as above » and 
2 - ? la such that 2 1 y 2» R( y 2 ” 2> ^ 
and. N « -N^ Is such that R( y 2 “ & 3 *<■> • 


Proof 

(i) Let = r ( (A - B r“Vk)» - I(^» W 

Then we have K e LP(C ) • tT^) from the Rlccatl equation, and so by 
— c • 

Theorem 2, 

^bc * ^ atable for all M < j R*^ 



or (A - BCR*^ ' N •*> R)B^ Is stable 

let N ^ R**^ ~ Ji ^ ^ proof la ooaplete. 

(11) Let ^ ^ (A - B (N ♦ R)J^|0 • Froai the Rlooati equatlcm we have 

K ^ ♦ K B(2N - R*’^)B*K ♦ 2 " £ 

1/2 -1 
Since (2 ' » ^ "Ob aer table laplles R > 2^ R ealata, so we have 

R (^ ♦ *"^<2 ♦ £**^<2 ♦ 8 ?>*£ ♦ £ " £~^*£*£ 

♦<2 - 22> • £ 

■anoe, subject to the oo o ai t ioa R(‘^2~2^^ £^ 

it oaa be ahoan that 


I 
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( ♦ K •<% - ^ ® ^ nil ■■mill ■ 

9mm hf Ummm l(iU), ^ ♦ jC^lQ ••>■)) Is st^is. 

Q.I.O. 


tt> so s i 4(1) is s g isrs ll sst ias of ths kaoisi * ssis ssdoctlos 
tsi s n si o i* psopsrtr of LQ-optlssI tesAsck. This Istscpsotstlss is aost 
tr isi gin s l in ths ■psnisl osss fhss « dis«. (s^, sai 

M ■ diof. (s^» •••, s^)» ■ 3 0. fhsa ocifiasl iaiishisBl flssAaofc 
loops SK« of tlM flora . 

s^ ■ i ■ 1^ •••# a 

fhs thsoKs a s t s ts s tiMt* la tlOs tpinlil oass» 9m mgmftam walas 
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for all a > 

Md 0^, 0^ ao^ that 
i) 0j < .5, 0j < 3 
U) (.5 - |^)(3 - 0j) > 1 




M|M 
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4. Concluding B— arlca 

Slac* further ^jplicatlons of the peranetrlsatlon results established 
la tills paper to reliable stabilisation synthesis and decentralised stabili- 
sation coordination «d.ll be Bade In a future publication, ue will reserve a 
teller discussion of the Inplleatlons of our approach until then. At this 
point, however, we would like to point out an important inpllcation for 
prectloal design that Is Isasdlatet the ability to perfbm feedback 'loop- 
alMping* analysis. 

In any realistic synthesis prcblee (keeping a systen stabilised, 
loeallslng particular dlstrubances, etc.) there is usually a large nunber 
of teaslble solutions. Wills the use of cost-criterion (^Inisatlon (e.g. 
LQ> la thaocy allows the designer to pick exactly one such solution. In 
pmetloe, the difficulties of jodglng or fully incorporating the relevant 
oont oonsldaratiaas and their trade offs as well as the often gross aodel 
BTertalntles and phyeloal vnriahllitiee of tha systan and tha oontrollars, 
aeoeoeitats further eeaeitiwity analyals or trlal-an d -error 'hedging* about 
the eolntion. It is thstefnse very Isvortant la tha ocapntsr-aided 

daeipi osBtant that the 'faaelhla solntlon apeoa* structure be known la 


wmm details to teeilltats ani fuiie the coadoc t of Iterative seartii. In 
this sefHEd* a aajer aerit of a *nlaee1na1 * design technlgee like root-locus 
la thar it Esorldse an eiwiJoit fUaw t Innal d i p a nd sa re of the closed- loop 
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•traetaral iBfonwtiaii abovt tha solatlona thay ganaxata* and nDraovar aadi 
tachntqaaa ara guidad nora by nathaanttcal cc n aa n lanca than by physical 
iatacpvatat Ion . 

Pxoai this parapactlva» tha paranitriaatioo rasolta astabllahad 
aarllar ajipaar to ba praalaing in pKovidlng tha basis for a now itaratiaa 
daaign algtMritte that will oaarooi tha last nantionad drawbacba. 

Sawaral yaars ago ■osanbcock C6] aog ga a tad a fraqnancy ilonain nolti- 
loop faadbnek daaign tadmiqna (tiia 'inwarsa ■fqoist array* natbod) which 
ha notiantad also as an attempt to owa r ooaio aona of tbm a boaa na nt io n ad 
draabacka. Bis approach is in contrast with ours, whidi is a *Hna i%—1n* 
^pcoaoh. It will bo intarasting to inaastlgata tha oonnactlon* if any« 


>90 ^ tbm iiitesaetioa m t x uet Ma em of Uhmt ■alti-iapnt fo« 
mfwtmm, fhmim, Klootrlool login— ring — d G— potor 
Dapt,, N.Z.T., IfTf. 
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